The goal of this first-of-its-kind qualitative study was to examine the awareness, attitudes, and experiences among parents of autistic children regarding autism genetic testing.
INTRODUCTION
The rapid growth of genomic medicine has led to dramatic advancements in identifying autism susceptibility genes, which in turn has increased the quality and quantity of genetic testing for autism spectrum disorders (ASD). [1] [2] [3] According to the American Academy of Pediatrics 4 and the American College of Medical Genetics and Genomics, 5 the current standard ASD genetic testing for genetic diagnosis includes G-banded karyotyping and fragile X testing. The International Standards for Cytogenomic Arrays Consortium 6 has recently recommended chromosomal microarray analysis (also known as array-comparative genomic hybridization), which has a better diagnostic yield, to replace current standard tests. The diagnostic yield of ASD genetic testing varies from 0.5% to 18%, depending on the type of testing. [7] [8] [9] [10] Although genetic testing is now a standard of care and an integral part of evaluation of ASD, a genetic cause is identified in <25% of patients with ASD. 11 With the advancement of genomic technologies, another potential test-massively parallel sequencing (e.g., whole-exome and whole-genome sequencing analysis)-is gradually moving from the research laboratory to clinical settings for the identification of single genes associated with ASD. [12] [13] [14] Therefore, it is expected that the genetic etiology of ASD will become more explicit in the future.
Generally, the potential benefits of ASD genetic testing include: (i) identifying the etiology of ASD, 2 (ii) promoting early detection and intervention, 2 (iii) developing treatment plans targeting ASD-associated medical conditions, 15 and (iv) providing risk evaluation information for counseling and education for parents and families of affected children to empower them to make informed reproductive decisions. 16 Nevertheless, in a similar way to other genetic tests, ASD genetic testing also raises many ethical, legal, and social issues. These encompass genetic discrimination, privacy concerns, psychological burden on the parents and families, and unequal access to genetic services. [16] [17] [18] However, genetic testing for ASD faces more complex issues due to (i) the complexities involving ASD (e.g., ASD is a multifactorial disease that involves complex interactions between genes and environment, and manifests in multiple types and at various severity levels), (ii) challenges of ASD genetic testing (e.g., genetic causes cannot be identified in all autistic children), and (iii) attention from the mass media and general public. 1, 18, 19 ASD genetic testing is often offered to individuals with a clinical suspicion of having this condition. The diagnosis of ASD is most commonly made during childhood. As children are unable to make responsible decisions on their own, the onus of deciding about testing usually lies with their parents or legal guardians. 20 Perspectives and experiences regarding this testing among parents with autistic children, however, have not yet been addressed. To the best of our knowledge, this first-of-its-kind study has sought to examine the awareness, attitudes, and experiences of ASD genetic testing among parents with autistic children by answering the following questions: are parents with autistic children aware of ASD genetic testing? What are the attitudes of parents? What socio-demographic characteristics appear to shape their attitudes? And what are the underlying motivations and experiences among parents who have taken their children for ASD genetic testing?
MATERIALS AND METHODS

Study design and participants
To provide insights into perspectives regarding ASD genetic testing among parents of autistic children, we employed a qualitative study approach. Parents with at least one child diagnosed with ASD were eligible to participate. A snowball sampling technique was used to recruit a diverse sample of socio-demographic characteristics. An emergent design was adopted to permit refinement of the interview questions throughout various stages of data collection, analysis, and interpretation. 21 This study was approved by Texas A&M University's Institutional Review Board.
Interview guide
On the basis of previous literature, [22] [23] [24] we developed a semistructured interview guide. Six experts in ASD, genetics/ genomics, public health, special education, and/or qualitative research reviewed and revised the interview questions. To establish a rapport with participants and understand their background, interviews started with a general question asking parents to describe their experiences with their autistic children. Interviewees were then asked to elicit in-depth responses regarding five topics: (i) perceived causes and recurrence risk of ASD; (ii) awareness, attitudes, and experiences regarding ASD genetic testing; (iii) utilization of genetic services; (iv) family planning; and (v) genetic/genomic education needs. In this study, we focused on parental views and experiences regarding ASD genetic testing. Supplementary Figure S1 online illustrates the interview flowchart.
Data collection
We disseminated recruitment letters and approached potential participants through eight large autism parent groups/ programs and four professional conferences in Texas. To avoid redundancy and repetitiveness, 21 participants were interviewed until data reached theme saturation. The first two authors conducted the majority of the interviews (n = 40; 95%), while the remaining two were conducted by a graduate assistant. Half of the interviews (n = 21) were carried out face-to-face, and the rest were done either by telephone (n = 16) or Skype live-cam (n = 5). Thirty-one interviews were in English and 11 in Chinese/ Taiwanese. Interviews lasted for ~1 h (SD = 1.4 h; range = 52 min−2 h). All participants were requested to sign written consent forms and were paid US$50 as an incentive.
To ensure data quality and interview consistency, the first two authors frequently met to discuss the data and revised the interview guide as emerging themes developed. All interviews were recorded digitally and transcribed into English or Chinese, depending on the language spoken during interview. Field notes were taken during interviews, which were later used to supplement the transcriptions for further interpretation and elucidation of the data. 21 A brief social-demographic survey was used to collect the information on participants and their families.
Data analysis
Using Nvivo 8.0 software (QSR International Pty, Doncaster, Australia) to facilitate the coding process and compare reoccurring themes across the transcription data, the first two authors of this manuscript (L.S.C. and L.X.) employed content analysis to code and discuss the themes. When divergent coding emerged, the transcription was reviewed again to reach an agreement. We also further examined the potential differences in identified themes among different socio-demographic subgroups. A research team in the field of genomics and public health (one member was an autistic patient) reviewed and discussed the coding themes with the authors. This investigator triangulation contributed to analytic robustness and ensured multiple perspectives for the findings of the study.
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RESULTS
Sample characteristics
Supplementary Table S1 online shows our sample, which comprised 42 parents with at least one child diagnosed with ASD. The majority of participants had one autistic child, while approximately one-quarter had two or more autistic children. The majority were mothers (76%), half of whom were at reproductive age. About half of the participants were white, and the other half were Asian (26%), Hispanic (14%), black (7%), and mixed (2%).
Interview findings
Emerged themes and illustrative quotations from the interview data are provided in Tables 1-4. The details are described as follows.
Parents' awareness of ASD genetic testing. Nineteen (63%) of 30 parents who had not taken their children for ASD genetic testing reported that they had never heard of this test before the interview. For example, one Asian parent asked us, "What test did you say? Genetic testing for autism? I've never heard of it before. It sounds like science fiction to me. " The remaining 11 parents were aware of this testing, but most had obtained this information from mass media and scientific articles (n = 5), and communication with autism support groups and other parents of autistic children (n = 4). Only two interviewees learned about ASD genetic testing from their children's doctors ( Table 1) .
White parents with a high socioeconomic status (SES) tended to be more familiar with ASD genetic testing. None of the parents who had an annual household income <$35,000, or had a high school diploma or less had heard of ASD genetic testing. Asian parents belonged to the lowest awareness group: 70% of them had never heard about this test.
Parents' attitudes toward ASD genetic testing. We asked participants to express their opinions regarding ASD genetic testing. Most (n = 29; 69%) postulated favorable attitudes, while approximately one-quarter (n = 11; 26%) were against this testing, and two parents (5%) held a neutral position. The sections below explain the underlying reasons for parents' responses. Table 2 lists parents' reasons for supporting ASD genetic testing, ranging from the highest to the lowest frequencies. Early intervention and treatment was the most frequently identified reason (n = 15). For instance, a mother with one autistic and one normally developing child said she would like to learn about ASD genetic testing because this information would help her affected child to receive early intervention, resulting in a better outcome. In addition, 13 parents supported genetic testing because they would like to find the etiology of ASD. These parents perceived genetics as the contributing factor to ASD. For example, one mother with a high SES stated, "I personally support genetic testing for autism…especially seeing the [ASD] percentage go[ing] up makes me think that…some-body is genetically susceptible. " Another father with a low SES remarked, "I think that it's a good development. We are trying to figure out how DNA works to help us understand our bodies…I might know why I had kids with autism from it. I think it is useful. "
In favor of ASD genetic testing
Eight parents believed that ASD genetic testing might help them make informed family planning decisions. One white mother with three autistic children (the eldest died at the age of 13) told us "I'm sure [sighs] there is something with me genetically … because with two different husbands, I've had all my biological children with ASD. " This participant adopted a normally developed child as her fourth child. Another 32-yearold Asian mother commented, "If the ASD genetic test result is positive, she [her daughter with autism] can decide to adopt a child instead of having a child of her own. " One white mother strongly believed that all women should undergo ASD genetic testing for making reproductive decisions, stating, "I think all young ladies need to be tested by the time they are 16 years old so they would know if they have the genes that would cause them to have children with autism. " Finally, other participants were in favor of ASD genetic testing for the reasons of helping with research (n = 2), eliciting more family support (n = 1), and assistance with health insurance coverage (n = 1).
Against ASD genetic testing
About one-quarter of parents (n = 11) opposed ASD genetic testing. Among these parents, the majority did not consider genetics as a causal factor for ASD. We further asked parents their reasons for opposing ASD genetic testing. Six participants articulated that they did not foresee its value because: (i) in their view ASD was incurable and the test would not improve their current situation; (ii) their children had already been diagnosed with ASD or had grown up; (iii) it was too late to have gene therapy for their affected children; (iv) it would not make any difference in their affected children's lives; and (v) they did not plan to have any future pregnancies or had no family history. Another four parents believed that ASD genetic testing does more harm than good. They were afraid that overemphasizing the genetic factor of ASD would not only overlook other nongenetic causes but also stigmatize the affected families. Furthermore, they were afraid their health/life insurance would be declined or become more expensive if the test results were positive. Contradictions with religious or cultural beliefs were mentioned by three interviewees. Specifically, two mothers with Christian beliefs perceived that the notion of genetic testing was against God's will. The other Asian father articulated, "I think I must have committed something terrible in my previous life. How come I am the only one with an autistic child? I don't think genetic testing can do anything now. I have to accept it all as my destiny. "
Two parents stated that genetic testing might cause family conflicts. It might become a blame game between the couple, once the test results identified whose genes contributed to the child's symptoms. One parent questioned the existence and method of ASD genetic testing itself ( Table 3) .
Neutral attitudes
Two parents acknowledged that there were advantages and disadvantages of ASD genetic testing, and were waiting for more evidence in this research area to make their judgment.
Parents' willingness of taking their children to undergo ASD genetic testing. We asked parents whose children had not undergone ASD genetic testing (n = 30) whether they would be willing to take their children for this test. Nearly half of them (n = 14) expressed their interest. Supporting ASD research was the most frequently cited reason (n = 8). According to one mother, "It certainly would not do anything for us, but I would support it for research. " Elucidating the etiology of their children's ASD was another reason disclosed by four parents. The other interviewee thought that the test results might help their autistic children make informed family planning, once the children grow up.
Conversely, 38% of the interviewees (n = 11) would refuse to take their children to be tested. For example, one parent with Supporting ASD research "If you want to do genetic testing as part of research, trying to identify genes or something like that. I have no problem with that." (father, white) "It would be interesting…It certainly wouldn't do anything for us, but for purpose of research I would do it. We've done this from the very beginning…" (mother, white)
Eliciting more family support "Mostly to get my support group lined up. To get everybody on board versus yes he does, or no, he doesn't need this, he doesn't need that, because our family is very caring and concerned and they slammed me with the things I need to be doing for him. I am like 'you wanna help?' It is 7 am and you gave me quite the list." (mother, white)
Assisting with health insurance coverage "I think if I can have this genetic testing done, then I can be more affirmative in asking the health insurance company to pay the bill for the treatment." (mother, white)
an 11-year-old autistic child remarked, "Well, we actually were not given that option for ASD genetic testing before. I know it sounds funny. But earlier on, we could have embraced it a lot more. But at this stage, I do not see any use in it. " In addition, one low-income Chinese American mother pointed out transportation as a barrier. Finally, four parents of high-functioning autistic children were reserved in their decision during the interview. They would prefer to wait for their children to grow up and make their decisions themselves.
Parents' motivations and experiences of taking children for ASD genetic testing. Table 4 illustrates the underlying motivations of 12 parents (two-thirds had a high SES) who had taken their children for ASD genetic testing. Regarding testing experiences, one-third expressed their frustration. According to one Table 3 Reasons for opposing ASD genetic testing among parents with at least one child diagnosed with ASD (n = 11)
Theme
Illustrative quotation
Perceiving no value of ASD genetic testing for affected children and their families "I mean it [ASD genetic testing] would make no difference, it would make absolutely no difference in his (the autistic son's) programming or placement. It would make no difference in the way the school interacted with him, it would make no difference in any of the way he lived…" (mother, white) "It would be worthwhile to get the genetic test done at an earlier age when gene therapy would be helpful. I just don't think it would be helpful right now." (mother, white) "I really don't think it is necessary to do it at this moment … she had been diagnosed with autism anytime, it was too late to undergo genetic testing." (mother, Asian) "He [the autistic son] is the only one with autism. I have 6 cousins and their children are all healthy. We just do not have a family history of autism. I do not know how genetic testing can be helpful in my case." (mother, black) Doing more harm than good "I think it does more harm than good. I think it is trying to mask looking at other causes. It is already putting a burden on those who have a burden. I think that it is an easy way out for the medical community to say it is genetic." (mother, white) "…because there are issues of getting insurance. If you have genetic testing and something is found, people's health insurance and life insurance will be declined, or more expensive." (mother, Latino) Questioning the existence and method of ASD genetic testing "I do not believe the test methods. If someone really can figure it out, then they can win the Nobel Prize. It is just like so many factors contributing for people to get cancer. Someone said some medicine or food lead to cancer, someone talks about curse … autism has such a broad range, it is impossible to find fixed genes that cause this tendency, I wish it could be that simple …" (father, Asian) ASD, autism spectrum disorder. Table 4 Underlying motivations in having their autistic children undergo ASD genetic testing among parents with at least one autistic child (n = 12)
Theme
Illustrative quotation
Hoping to find genetic cause of ASD "I remembered he [the child with autism] did the test [ASD genetic testing] when he was six or seven years old. We wanted to know if it is a hereditary factor that caused his autism." (mother, Asian) "I wanted to see which one of us [husband and I] contributed to her [autistic daughter's] autism, and to know why the cell is not working right." (mother, Asian)
Receiving recommendations from health-care providers "We went to see a pediatric neurologist. He recommended that we test for some common genetic anomalies. He [child with autism] was tested for fragile X..." (mother, white) "They [pediatric providers] did complete genetic screens on them [two children with autism]…they thought [child's name omitted for confidentiality] might have Angelman [syndrome] …" (mother, white)
Supporting ASD research "I know my daughter had fragile X testing before and that was negative. We did it [genetic testing] for supporting research." (mother, white)
Getting influenced by family members "My husband wanted her [daughter with ASD] to do this test, I really don't." (mother, Asian)
Finding out other health problems "We [husband and I] wanted to rule out, especially like fragile X syndrome that is common with autism, and autism is a part of it and just his karyotype with it, at that time. Just to make sure we couldn't find like any other health problem with him [child with ASD]." (mother, black)
Latino mother, "In [name of hospital omitted for confidentiality] hospital, the process is very long. You have to fill out lots of forms, you have to go through lots of testing, and you have to see a neuropsychologist and a psychologist. And so, by the time all that was done, they finally said, 'why don't you get some genetic testing?' And I was thinking, it would be nice to have had that in the first place. We already spent a whole year. " In addition, these four parents also questioned their providers' competency in interpreting test results. For example, a three-year-old daughter of an Asian mother recently underwent ASD genetic testing. Based on the mother's experience, she was frustrated as she could not understand the genetic/ medical terms in the report and none of the health professionals addressed her concerns at that time. She even requested for our research team's assistance in interpreting the report during the interview.
DISCUSSION
To the best of our knowledge, this is the first-of-its-kind study assessing the awareness, perspectives, and experiences of ASD genetic testing among parents of autistic children. Instead of recruiting participants from hospitals, who had access to health care, we obtained our sample from various ASD communities. We used a qualitative approach because it allowed for in-depth elicitations of unexamined research domains, helped to facilitate understanding of new genetic technology adoptions, and contributed to the clarification of this complex topic. 21, 25 This study showed numerous important findings. First, most participants were in favor of ASD genetic testing. Early intervention and treatment, elucidation of the etiology, and informed family planning were the main factors supporting their decision. However, approximately one-quarter of the parents were against ASD genetic testing and expressed their concerns regarding its value, method, harms, and religious/ cultural conflicts. Some of their concerns, such as genetic discrimination, privacy issue, and psychological burden on families, were consistent with the literature discussing the ethical, legal and social implication of ASD genetic testing. 16 As parents hold different attitudes, policymakers should thoroughly consider the perspectives of both parties when developing relevant regulations and recommendations. For example, should health-care providers recommend all parents with ASD children to take their affected children for such testing? How do we ensure that testing results will benefit the affected families without causing them further harm and/or burden? Moreover, although the Genetic Information Nondiscrimination Act (GINA) 26 preventing health insurance companies from denying coverage to individuals who have already undergone genetic testing was passed in May 2008, there is still limited public awareness regarding this Act. 27 Therefore, many families may choose to forgo genetic testing for fear of losing the much needed health insurance benefits. Increasing awareness about GINA among both health-care providers and parents may reduce the concern of discrimination and privacy regarding genetic testing.
Second, ASD genetic testing has been offered for more than a decade in medical practice. 5 Nevertheless, the majority of the participants, who had not taken their children for ASD genetic testing, had never heard about such testing. This finding is in line with the previous study-the lay public has insufficient awareness of genetic testing. 28 According to the Autism A.L.A.R.M. Guidelines 29 proposed by the American Academy of Pediatrics and Centers for Disease Control and Prevention, physicians should "educate parents and provide them with upto-date information. " Therefore, health-care providers should make their patients and families aware of the availability of ASD genetic testing. Furthermore, although the lay public has deficient awareness of genetic testing, this is also the case with health-care providers. 30, 31 As such, genomic education for health-care providers, along with the lay public, is also needed to improve the overall awareness and understanding of ASD genetic testing among both parties.
Several misunderstandings regarding ASD genetic testing emerged during the interviews. Some parents believed that genetic testing could not be useful to families once their children were diagnosed with ASD or had grown up. Moreover, some thought that this testing is beneficial only for parents with a family history of ASD or parents who are planning to have future pregnancies. These findings are consistent with past research which indicated that lay people might not fully comprehend or misunderstand genetic testing. 28, 32 Given that these misperceptions might subsequently affect parents' testing decisions, reproductive planning, and treatment planning for their autistic children, health-care providers should address these issues to facilitate better health outcomes for affected children and families.
Notably, this study revealed that few participants learned about ASD genetic testing from their health-care providers. Among parents who had taken their children for ASD genetic testing, some had negative experiences and low confidence in their providers' ability to interpret test results. This finding is supported by past research which showed that doctors had inadequate competencies to discuss the medical condition with the families of children with developmental delays. [33] [34] [35] In addition, studies have also found that health-care providers have limited genomic competencies for discussing genetic testing with patients. 30, 31 Accordingly, genomics education for health-care providers is needed to facilitate better genetic services.
Of note, when asking parents' willingness in taking their children for ASD genetic testing, aiding ASD research was a most frequently mentioned reason. This finding has been previously noted in other studies. [36] [37] [38] For example, in Chen and Goodson's systematic review study, 36 one-fifth of the reviewed articles revealed research-related factors affecting individuals' acceptance of cystic fibrosis carrier testing. Similarly, other studies have also found that assistance and support for research motivate people to undergo BRCA1/2 genetic testing. 37, 38 Finally, as in other studies, 20, 39 our data suggested disparities in the awareness and access of ASD genetic testing among this sample. Interviewees with a low SES tended to be less familiar with and had less access to this testing. Asian participantsmostly immigrants with a low SES-constituted the group expressing the lowest awareness of ASD genetic testing. To minimize genomics-related health disparities, genomics education and relevant support for parents with a low SES or immigrant status is needed.
This study suffered from several limitations. Past studies have suggested that socio-demographic characteristics might influence individuals' perceptions regarding genetic testing. 20, 32, 40 For example, Hudson et al. 40 noticed that different socio-demographic groups (e.g., race/ethnicity, income, and education level) had various awareness levels and opinions concerning genetic testing. Therefore, we purposely recruited participants with different socio-demographic statuses. Although half of the interviewees were racial/ethnic minorities, most had a high SES. This sample might have higher genetic knowledge than the general public. In addition, although parents' experiences might vary on the basis of the type of ASD genetic tests their children had undertaken, most could not state the test type. Future studies should be conducted to examine parents' testing experiences regarding different types of ASD genetic testing. Furthermore, health-care providers should clearly communicate the type of testing to parents of autistic children before their children undergo the actual test procedure. Finally, all participants seem to be relatively well connected with the specific autism community to which they are affiliated. The findings of this study, therefore, may not be representative of all the parents of autistic children.
Conclusions
This qualitative study provides insight into medical practice, health policies, and future research directions regarding ASD genetic testing. Although most parents of autistic children supported this testing, they seemed to have low awareness/ knowledge regarding ASD genetic testing. Advocating for better health education for both parents of autistic children and the public regarding availability, types, advantages, and disadvantages of ASD genetic testing is needed. Moreover, among those who had taken their children for this testing, one-third had a negative experience. As pediatric providers play a vital role in providing genetic services and education, these professionals should be educated and be sensitive to the needs of parents with autistic children. For example, training healthcare providers to enhance their communication skills in explaining the procedure and findings regarding ASD genetic testing may facilitate better patient-provider relationships. Furthermore, policymakers should consider parents' attitudes to make appropriate recommendations. Finally, as compared with other groups, Asian parents and those with low SES expressed lower awareness and tended to have more limited access to autism genetic testing. Future quantitative research is required to examine the effects of socio-demographic factors on parents' awareness, attitudes, and experiences regarding ASD genetic testing.
